in European patients with ischemic heart disease. Type D personality is characterized by normal and stable personality traits, negative affectivity, and social inhibition. Negative affectivity is the tendency to experience negative emotions, while social inhibition refers to the inhibited expression of emotions. 8 Type D personality is also associated with an increased risk for impaired quality of life, morbidity, and mortality in conjunction with various CVDs. 9 It has been suggested as a prognostic predictor and a determinant of clinical outcome and health status, even after therapeutic interventions. 10 The biological mechanisms underlying this association are poorly understood; however, the negative health impact could be caused by 1) an increased risk for mental disorders like depression and anxiety, which have also been identified as risk factors for CHD, 2) poor treatment adherence and an unhealthy lifestyle, and 3) underlying biological mechanisms, such as inflammation or autonomic imbalance. 11 Heart rate variability (HRV) refers to the fact that heart rate is not always stable but constantly fluctuates around a mean value. This fluctuation is influenced by the autonomic nervous system, which regulates heart rate through the sympathetic and parasympathetic nervous systems; 12 these cyclic changes in sinus rate are termed heart rate variability. 13 HRV has been used as an indicator of autonomic nervous system function in many settings. 14 In stable conditions, heart rate intervals are not regular and constantly change, even at microscopic levels; this physiological mechanism allows the human body to maintain homeostasis. A healthy person maintains a high HRV and is therefore ready to respond to various stimulations. When the autonomic nervous system fails, the HRV decreases, producing an increased susceptibility to stress. Low HRV has been associated with excessive cardiac sympathetic modulation, inadequate parasympathetic modulation, or both. In addition, psychological stress influences the cardiovascular system via the autonomic nervous system. 15 Study of HRV is a non-invasive monitoring method that offers information about the activities of the autonomic nerves that innervate the heart. This method is used to evaluate functions of the autonomic nervous system by analyzing its influences on the cardiovascular system. A relationship between impaired autonomic function measured by HRV and an increased risk of mortality was shown in patients who were already at risk because they had diabetes. 16 However, the associations of these measures of autonomic function (parameters of HRV) with type D personality have never been compared in a single study population. Therefore, we studied the associations of several parameters of HRV with type D personality in a community sample. The primary study aim was to evaluate the relationship between type D personality and HRV in community samples.
METHODS

Participants and procedures
We investigated community members enrolled in the Guro-gu Mental Health Promotion Program from January 2011 to December 2012. This program was a population-based, integrated community mental health service provided by Guro Community Mental Health Center in the southwestern region of Seoul, Korea.
Community members who visited Guro Community Mental Health Center were evaluated for type D personality and HRV and responded to survey forms. Those who reported a history of major cardiovascular disease, such as heart attack, stroke, heart failure, or coronary heart disease, were excluded from this study, as our focus was on the relationship between HRV and type D personality without any other confounding factors.
Measures
The Korean Version of the Type D Personality-14 (DS14)
Type D personality was assessed with the 14-item DS14, which measures the two subscales of negative affectivity (NA) and social inhibition (SI). Each item is rated according to a five-point Likert-type scale ranging from 0 to 4. Participants are classified as having type D personality if they score high on both the NA and the SI using cutoff of 10 on both scales (i.e., NA ≥10 and SI ≥10). The Cronbach's alpha of the original DS14 was 0.88 for the NA and 0.86 for the SI, respectively, and test-retest reliability was 0.72 and 0.82. 8 The Korean translation of the DS-14 was validated in a previous communitybased study.
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Evaluation of heart rate variability
Data collection and HRV analysis were performed using HRV analytic equipment SA-2000E (Medicore Company, Korea). To control diurnal variation, HRV was measured between 8 a.m. and 12 p.m. in a quiet environment at room temperature. The recordings were made over a period of 5 min. Each participant was seated in a chair, and electrodes were placed on the wrists and left foot. The participant was instructed to breathe at a normal rate during the HRV measurement. Before the measurement, participants rested for at least 10 min, breathing spontaneously without talking.
The parameters measured in the evaluation of HRV were grouped into two categories: time domain and frequency domain. For the time domain, the standard deviation of the normal-to-normal interval (SDNN) was used to estimate longterm components of the HRV, and the square root of the mean squared differences of successive normal-to-normal intervals (RMSSD) was calculated using statistical time domain measurements. The following HRV parameters were also measured by frequency domain spectral analysis: total power (TP), very low frequency (VLF), low frequency (LF), and high frequency (HF). The LF/HF ratio was also calculated because it is considered to reflect a simultaneous effect on both sympathetic and vagal modulation.
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Statistical analysis
Participants' demographic features were analyzed using descriptive statistics. Group comparisons between type D personality and non-type D personality for baseline characteristics were made using independent t-tests for continuous variables. The correlations between type D total/subscale scores and HRV indices were investigated using Pearson correlation coefficients in each participant group (total, non-type D participants, and type D participants) after controlling for age.
All analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 21.0 for Windows. A pvalue <0.05 was considered statistically significant.
Ethics statement
The present study protocol was approved by the Institutional Review Board of Korea University Guro Hospital in Seoul, Korea. All of the participants provided written informed consent before the study began.
RESULTS
This study initially had 562 participants, but three were excluded from the analysis due to missing data. As a result, 559 participants (204 males, 355 females) were included in the final analyses. Table 2 . There was no significant difference in the HRV variables between type D personality and non-type D personality (Table 2) . Ages influence on the heart rate variability and heart rate variation is known to decline with age. 19 The correlations between type D personality variables (SI, NA) and HRV parameters were assessed after controlling for age, which is a known factor that influences HRV (Table 3 ). The total type D score (sum of the NA and SI subscale scores) showed significant correlations with TP (r=-0.112) and VLF (r=-0.144) in Nontype D personality participants. The NA score in non-type D personality participants had a significant negative correlation with VLF measurement (r=-0.118) and LF/HF ratio (r= -0.135). The SI score in non-type D personality participants also showed a significant negative correlation with VLF measurement (r=-0.134). However, all of the correlation coefficients were low, even though they were statistically significant.
We divided the participants into two groups-adult age group (19-44 years), and middle aged and aged group (older than 45 years) according to age spectrum. The correlation analysis between type D personality variables and HRV parameters were assessed again after controlling for age, separately ( Table  4 ). All of the correlation coefficients were low again, even though some parameters were statistically significant [Total 
DISCUSSION
People with type D personality have been reported to use more passive and maladaptive avoidance coping strategies, which are associated with higher levels of perceived stress and burnout symptoms. 20 Systematic reviews and meta-analyses of type D studies have shown an association with poor cardiovascular outcomes. 20, 21 The average age of the participants was close to 50 years, and 249 of 559 participants, about 44.3% of the total study population, presented with type D personality. An assessment of the DS14 in the Korean population was reported in a previous study published by Korean researchers, where the prevalence of the type D construct was 27.8% in the general population (total number=954, mean age=43.3±12.8 years). 17 As these two studies are performed in different clinical settings, it is not possible to make a direct comparison. However, the prevalence of type D personality tended to be higher in the present study population than it was in that of the previous one. We think that this difference might be due to the epidemiological characteristics of the community mental health center patients who participated in the study. Their mean age was relatively higher than that in the previous study. Clients commonly visit community mental health centers when they feel distressed or stuck in some area of their lives and want to get some help or expert guidance from mental health professionals. Although all of the people participated in the study voluntarily and we excluded those with major cardiovascular disease, the participants in our study were more likely to have already been experiencing psychiatric distress. Therefore, it is possible that type D personality participants are more likely to experience psychiatric distress and so accounted for more of our study population compared to an average sample of the population. We analyzed and compared the parameters of HRV in our participants. No significant difference was found between the type D group and non-type D group. We also examined the correlations between HRV parameters and type D total/subscale scores in both the type D group and the non-type D group after controlling for age. Age is known to have a great impact on HRV. 22 HRV parameters did not show any clear correlation with type D personality total/subscale scores in either participant group. Although statistically significant, all of the correlation coefficients were low, which suggests that the size of the correlation is small and two variables showed have little to do with each other.
Several explanations may exist for this result, which was contrary to our expectation that HRV parameters would show correlations with type D scale scores. First, HRV recordings can be gathered with short-term, 5-minute recordings or 24-hour, long-term recordings. A 5-minute resting HRV measurement could be used reliably in most clinical settings. However, there are differences in the obtained parameters between short-term and long-term recordings. Those methods cannot replace each other. 23 Accordingly, the spectral analyses of 24 Long-term HRV has its own uses; for example, ultra-low frequency components can only be assessed using a 24-hour, long-term recording. We chose a short-term analysis for clinical applicability as it was easily applied to community mental health center users. However, 5 minutes may be an inadequate amount of time to evaluate the relationship between type D personality and ANS function measured by HRV parameters. In addition, personality traits are a consequence of ongoing traits and can be seen as enduring personal characteristics of perceiving, relating to, and thinking about the environment and oneself, 25 while HRV is a relatively shortterm measurement that is influenced by momentary physiologic changes. There is a possibility that long-term measurements are required to assess the psychophysiological changes derived from the specific personality trait through HRV. Therefore, further study of the correlation of long-term observation of HRV and type D personality is needed.
Second, the characteristics of participants also must be considered. We included non-clinical samples in order to focus on the relationship between HRV and type D personality without confounding factors. No significant correlations were found, which indicates that a relationship between HRV and type D personality parameters was not shown in non-clinical participants who do not yet have definitive cardiovascular disease. It may also be possible that a relationship between type D personality and HRV parameters might be more prominent in a clinical population that has cardiovascular disorders.
This study has some limitations. It was based on community members with no known cardiovascular diseases or psychiatric history, which may be confounding factors that could obscure study findings. The surveys were self-reports instead of structured interviews, so it is possible that past medical and psychiatric disorders were missed. The participants also were not randomly recruited from the general population, as clients of local community mental health centers voluntarily participated in the study. As a result, our results cannot be generalized to the general population. In addition, other sociodemographic variables-such as socioeconomic status-were not included in the survey because of the practical difficulties of measurement.
Type D personality can be regarded as a promising cardiovascular risk marker that has been repeatedly linked to relevant indicators of mental health, quality of life, morbidity, and mortality in cardiac patients. 26 This study focused on identifying the relationship between type D and HRV and the differences in HRV variables between type D and non-type D personalities. Although short-term HRV measurements did not reveal a relationship between HRV and type D personality in a non-clinical sample without definitive cardiovascular disease, further studies using long-term HRV measurements in patients with cardiovascular disease are necessary to conclude an association between HRV and type D personality.
